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http:WHAT THIS PAPER ADDS
This is an original clinical paper that represents one of the largest single-center studies on inferior vena cava
ﬁlter (IVC) use and indications, addressing the underestimated side of challenging and failed retrievals. Retrieval
rate of retrievable IVC ﬁlters is predominately affected by physician oversight and patient non-compliance with
follow-up. Filter retrieval can be challenging or fail when the dwell time is >50 days and >90 days, respectively,
and when the ﬁlter hook apposes the caval wall. Filter tilt may contribute to difﬁcult retrievals, but this does not
affect the ability to ultimately retrieve a ﬁlter.Objective: To identify patient-related and device-speciﬁc predictors of challenging and failed inferior vena cava
(IVC) ﬁlter retrievals.
Methods: Retrospective single center review of consecutive retrievable IVC ﬁlters placed between 2004 and
2009. Retrieval was deﬁned as challenging when it was unsuccessful owing to reported technical failure or when
adjunctive endovascular maneuvers or access sites were recruited. Data regarding patient- and ﬁlter-speciﬁc
information were collected. Logistic regression models were used to identify predictors of the reported
outcomes. Statistical signiﬁcance was set at p < .05.
Results: Four hundred and one patients underwent retrievable IVC ﬁlter placementdthe majority indicated for
prophylaxis (67%). Two hundred and ﬁfty-nine retrievals were attempted and 237 ﬁlters were successfully
retrieved (overall retrieval rate: 59.1%). Eleven out of 259 (4.2%) attempts were aborted owing to signiﬁcant
thrombus within the ﬁlter and 11 (4.2%) were technically unsuccessful. In 142 patients no attempt for ﬁlter
retrieval was madedthe major reason being physician oversight (44.3%). Thirty-eight out of 248 (15.3%) non-
aborted ﬁlter retrievals were recorded as challenging. Failed retrievals were predicted by prolonged dwell time
(96.9  111.9 vs. 29.5  25.1 days, odds ratio [OR] 1.034, 95% conﬁdence interval [CI] 1.016e1.053, p < .001),
therapeutic indication (OR 5.197, 95% CI 1.200e22.511, p ¼ .028), and ﬁlter wall apposition (OR 11.857, 95% CI
2.069e67.968, p ¼ .006). Challenging retrievals were predicted by dwell time (51.1  69.8 vs. 29.1  24.5 days,
OR 1.017, 95% CI 1.005e1.029, p ¼ .007), ﬁlter tilt (OR 2.607, 95% CI 1.045e6.508, p ¼ .040) and ﬁlter wall
apposition (OR 6.149, 95% CI 2.398e15.763, p ¼ <.001).
Conclusions: Physician oversight leads to poor IVC ﬁlter retrieval rates. Retrievals can be challenging or fail when
the dwell time is >50 days and >90 days, respectively, and when the ﬁlter hook apposes the caval wall. Filter tilt
increases retrieval difﬁculty but not failure rates.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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The introduction of retrievable inferior vena cava (IVC) ﬁlters
for the prevention of pulmonary embolism (PE) resulting from
deep venous thromboembolism (DVT) has been utilized in
clinical practice with increasing frequency over the last
decade.1,2 The absolute indications for placement include
proximal DVTor PE with contraindications for anticoagulation,rresponding author. R.A. Chaer, University of Pittsburgh Medical
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//dx.doi.org/10.1016/j.ejvs.2013.06.007or PE while on anticoagulation, as indicated by several
guideline bodies.3e5 The recommendations, though, are
conﬂicting for IVC ﬁlter use in trauma patients or patients
undergoing major surgery who are unable to undergo phar-
macologic prophylaxis, with themost updated ninth American
College of Chest Physicians (ACCP) guidelines3 recommending
against IVC ﬁlter use, and the Eastern Association for the
Surgery of Trauma (EAST)4 and the Society for Interventional
Radiology5 advocating placement of IVC ﬁlters. This has
coincided with an increase in the use of ﬁlters, with the
highest increase observed for prophylactic indications.1,2
The increase in retrievable IVC ﬁlters has not been
mirrored, however, in an increase in the rate of retrieval,
Table 1. Baseline patient and ﬁlter characteristics of study cohort.
Age (years)
25 53 (13%)
26e50 163 (41%)
51e75 152 (38%)
>75 33 (8%)
Male gender 247 (62%)
Indication
Prophylactic 270 (67%)
Multiple trauma 202 (75%)
Major surgery (e.g., gastric bypass) 42 (16%)
Thrombolysis for DVT 13 (5%)
Intracranial bleed 5 (2%)
Spinal surgery 5 (2%)
Cranial surgery 3 (1%)
Therapeutic 131 (33%)
Multiple trauma 62 (47%)
Major surgery (e.g., gastric bypass) 26 (20%)
Cranial surgery 17 (13%)
Intracranial bleed 10 (8%)
Bleeding complication of AC 8 (6%)
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diverse range of specialties and populations in whom these
devices are placed. Several studies have indicated that only
a small percentage of retrievable IVC ﬁlters are removed,
ranging between 20 and 50%, with the majority quoting
rates close to 20%, while several device-related complica-
tions have been reported.6e11 Recently, the US Food and
Drug Administration issued a medical alert to emphasize
ﬁlter removal as soon as protection from PE is no longer
necessary.12
The widespread use of retrievable IVC ﬁlters has led to
interest surrounding retrieval failure of these devices, but
data are still lacking regarding anatomic or device-speciﬁc
factors.13,14 A retrospective single-institution review of
retrievable IVC ﬁlters placed during a 6-year period was
conducted to primarily identify patient-related and device-
speciﬁc predictors of challenging and failed retrievals. As
secondary endpoints retrieval rates, their etiology and
anticipated complications were analyzed.Spinal surgery 4 (3%)
Recurrent DVT/PE on AC 3 (2%)
DVT with free ﬂoating thrombus 1 (<1%)
Insertion site
Right femoral vein 306 (76.3%)
Left femoral vein 54 (13.5%)
Right internal jugular vein 40 (10%)
Right brachial vein 1 (<1%)
Filter type
Celect (Cook Medical) 256 (64%)
Tulip (Cook Medical) 138 (34%)
G2 (Bard Peripheral Vascular) 4 (1%)
OptEase (Cordis) 3 (<1%)
Note. DVT ¼ deep vein thrombosis; AC ¼ anticoagulation;
PE ¼ pulmonary embolus.METHODS
Medical records of all patients who had received an IVC
ﬁlter between 2004 and 2009 were reviewed. The study was
approved by the University of Pittsburgh Institutional Re-
view Board. Electronic admission and operative notes,
discharge summaries, ﬁlter placement, and ﬁlter retrieval
venograms were reviewed. Data regarding patient- and
ﬁlter-speciﬁc information were collected. Filter and caval
measurements were based on the retrieval venogram.
Follow up was restricted up to the date of discharge
following successful, aborted or failed retrieval, and for
patients with non-attempted retrieval, up to the date of
discharge following ﬁlter insertion.Technical considerations and deﬁnitions
All ﬁlter insertions and retrievals were performed by the
Division of Vascular Surgery at the University of Pittsburgh
Medical Center. Filter selection (Cook Günther Tulip, Bloo-
mington, IN, USA; Cook Celect, Bloomington, IN, USA; Bard
G2, Tempe, AZ, USA; Cordis Optease, Bridgewater, NJ, USA)
was at the discretion of the operator.
Filter placement was termed as prophylactic when a
patient at high risk for DVT/PE had contraindications for
anticoagulation (AC) or when an IVC ﬁlter was placed peri-
procedurally during DVT thrombolysis. Filter placement was
considered therapeutic when a patient with documented
acute DVT/PE, or known DVT/PE on AC, had contraindica-
tions for AC.
Filter retrieval was classiﬁed as challenging when
retrieval was unsuccessful owing to reported technical
failure or when adjunctive endovascular maneuvers or ac-
cess sites were recruited to facilitate removal.
Filter tilt was deﬁned as the angulation between the
vertical axis of the ﬁlter and the vena cava long-axis at the
level of deployment. Degrees of tilt were sub-divided into
no tilt, 45 and 45e90 tilt. Filter hook caval wallapposition was noted when the hook was embedded in the
caval wall.
Caval angulation was deﬁned as the deviation from a true
vertical axis on a standard anteroposterior vena cavagram
and was subdivided into straight, 30, 31e60, and >60
angulation.
Caval penetration was noted when any part of the IVC
ﬁlter was demonstrated to lie outside of the caval wall on
axial imaging or vena cavagram.
Thrombus identiﬁed within the ﬁlter during a retrieval
attempt was considered of clinical signiﬁcance when it
occupied more than a third of the ﬁlter volume based on its
diameter relative to the ﬁlter struts. When this was iden-
tiﬁed, ﬁlter retrieval was aborted.
Statistical analysis
2Descriptive characteristics are reported as mean SD, or as
number of cases and percentages. For comparison of cate-
gorical data, the groups were compared by two-tailed exact
chi-square or Fisher exact test. Continuous predictors were
evaluated independently with bivariate logistic regression.
Logistic regression models were used to identify predictors of
the reported outcomes. Signiﬁcant associations were
Table 3. Filter and inferior vena cava characteristics at the time of
attempted retrieval.
n 259
Dwell time (days) 32.4  35.8
Filter thrombus
No thrombus 186 (72%)
<1/3 Filter volume 62 (24%)
>1/3 Filter volumea 11 (4%)
Filter tilt
No tilt 113 (44%)
45 144 (56%)
46e90 2 (<1%)
Filter hook wall apposition
Caval angulation
No angulation 187 (72%)
30 69 (27%)
31e60 3 (1%)
>60 0 (0%)
Caval penetration 151 (58%)
E.D. Avgerinos et al. 355expressed as odds ratios (OR) with 95% conﬁdence intervals
(CI). Challenging and failed retrieval rates were calculated
upon the number of attempted retrievals, excluding the
aborted retrievals due to signiﬁcant IVC ﬁlter thrombus. Re-
sultswere considered statistically signiﬁcant when the p-value
was <.05. Data analysis was performed using Statistical
Package for the Social Sciences, v. 17 (SPSS, Chicago, IL, USA).
RESULTS
Patient and ﬁlter characteristics
During the study period a total of 401 patients underwent
IVC ﬁlter placement. Patient-speciﬁc information, IVC ﬁlter
indications, and ﬁlter types used are summarized in Table 1.
The majority of IVC ﬁlters were indicated for prophylaxis
270 (67%) mainly for multiple trauma or major surgery. The
Cook Celect and Cook Günther Tulip ﬁlters comprised 394
(98%) of our cohort.Note.
a Two of these were associated with caval thrombosis.Filter retrieval
In 259 out of 401 patients ﬁlter retrieval was attempted,
eventually leading to 237 successful retrievals, yielding an
overall retrieval rate of 59.1%. Eleven retrievals were
aborted owing to signiﬁcant thrombus within the ﬁlter and
11 retrievals were technically unsuccessful (failed). In 142
patients no attempt at ﬁlter retrieval was madedthe major
reason being physician oversight (63, 44.3%), followed by
patient non-compliance (33, 23.2%), and medical necessity
or physician preference (28, 19.7%). Eighteen (12.7%) pa-
tients died before any attempt at IVC ﬁlter retrieval.
Detailed data are summarized in Table 2.
Difﬁcult and failed retrievals’ analysis. The average dwell
time of the 259 attempted IVC ﬁlter retrievals was
32.4  35.8 days (range 1e407 days). Caval and ﬁlter
characteristics during the retrieval attempt are summarized
in Table 3.
Thirty-eight out of 248 (15.3%) non-aborted ﬁlter re-
trievals were recorded as challenging either because addi-
tional technical maneuvers were necessary for retrieval (34)
or because the operator aborted the procedure reporting
technical failure (4).
The most common adjunctive maneuvers were place-
ment of an extra-large snare and/or use of a 10eTable 2. Filter attempted and not attempted retrievals, etiology,
and overall rates.
Total 401
Attempted retrievals 259
Retrieved 237 (91.5%)
Not retrieved owing to technical failure 11 (4.2%)
Retrieval aborted due to large thrombus within
the ﬁlter or IVC
11 (4.2%)
Not attempted retrievals 142
Physician oversight 63 (44.3%)
Patient non-compliance 33 (23.2%)
Medical necessity/physician preference 28 (19.7%)
Death 18 (12.7%)
Note. IVC ¼ inferior vena cava.14  40 mm angioplasty balloon inserted from the femoral
vein to aid re-orienting of a tilted ﬁlter and eventual hook
snaring. Among the 38 difﬁcult retrievals 27 (71.1%) were
successful, and the remaining 11 (28.9%) account for our
failed retrievals.
Challenging retrieval was associated with female gender
(p¼ .051), prolonged dwell time (51.1 69.8 vs. 29.1 24.5
days, p ¼ .008), ﬁlter tilt (p ¼ .001), caval penetration
(p ¼ .012), and ﬁlter hook apposition to the caval wall
(p < .001) in univariate analysis, while the stepwise multi-
variate model retained dwell time (OR 1.017, 95% CI 1.005e
1.029, p ¼ .007), ﬁlter tilt (OR 2.607, 95% CI 1.045e6.508,
p ¼ .040), and ﬁlter hook wall apposition (OR 6.149, 95% CI
2.398e15.763, p < .001) as signiﬁcant predictors (Table 4).
Respectively, failed retrieval was associated with age >50
years (p ¼ .026), prolonged dwell time (96.9  111.9 vs.
29.5 25.1 days, p¼ .001), therapeutic indication (p¼ .022),
and ﬁlter hook wall apposition (p ¼ .022) on univariate
analysis, while the stepwise multivariate model retained
dwell time (OR 1.034, 95% CI 1.016e1.053, p < .001), indi-
cation (OR 5.197, 95% CI 1.200e22.511, p¼ .028), and ﬁlter
hook wall apposition (OR 11.857, 95% CI 2.069e67.968,
p ¼ .006) as signiﬁcant predictors (Table 5).
Filter-related events
Based on the retrieval venograms, the IVC ﬁlter captured a
clot in 73/259 (28%) cases, large enough (>1/3 ﬁlter vol-
ume) in 9 cases, while 2 more had an associated caval
thrombosis. In 56 of 73 (76.7%) of these cases the IVC ﬁlter
had been placed for prophylaxis.
Iliocaval thrombosis post-ﬁlter placement was diagnosed
in four (1%) multi-trauma patients in whom the ﬁlter was
placed for prophylaxis. In three of these patients this was
clinically silent and diagnosed during the retrieval attempt,
which was aborted in two patients and during a computed
tomography (CT) scan in the third patient. The patients
received long-term anticoagulation with no further known
Table 4. Predictors of challenging retrievals.
Difﬁcult Univariate analysis Multivariate analysis
p OR 95% CI p
n (248) 38 (15.3%)
Age (years) e e
50 19 (12.6%) .151 e
>50 15 (19.6%)
Gender e e e
Male (147) 17 (11.6%) .051
Female (101) 21 (20.8%)
Insertion site e e e
Right femoral/jugular vein 34 (14.9%) .747
Left femoral vein 4 (20.0%)
Indication e e e
Prophylactic 26 (13.7%) .213
Therapeutic 12 (20.7%)
Dwell time (days) 51.1  69.8 .008 1.017 1.005e1.029 .007
Filter tilt
No 7 (6.5%) .001 2.607 1.045e6.508 .040
Yes 31 (22.0%)
Caval angulation e e e
No 26 (14.7%) .698
Yes 12 (16.9%)
Caval penetration e e e
No 8 (8.2%) .012
Yes 30 (20.0%)
Hook wall apposition
No 25 (11.3%) <.001 6.149 2.398e15.763 <.001
Yes 13 (48.1%)
Note. Percentages are counted within the total of the measured variable. OR ¼ odds ratio; CI ¼ conﬁdence interval.
Table 5. Predictors of failed retrievals.
Failed Univariate analysis Multivariate analysis
p OR 95% CI p
n (248) 11 (4.4%)
Age (years) e e
50 3 (2.0%) .026 e
>50 8 (8.2%)
Gender e e e
Male 4 (2.7%) .128
Female 7 (6.9%)
Insertion site e e e
Right femoral/jugular vein 9 (3.9%) .219
Left femoral vein 2 (10.0%)
Indication
Prophylactic 5 (2.6%) .022 5.197 1.200e22.511 .028
Therapeutic 6 (10.3%)
Dwell time (days) 96.9  111.9 .001 1.034 1.016e1.053 <.001
Filter tilt e e e
No 3 (2.8%) .359
Yes 8 (5.7%)
Caval angulation e e e
No 7 (4.0%) .734
Yes 4 (5.6%)
Caval penetration e e e
No 4 (4.1%) 1.000
Yes 7 (4.7%)
Hook wall apposition
No 7 (3.2%) .022 11.857 2.069e67.968 .006
Yes 4 (14.8%)
Note. Percentages are counted within the total of the measured variable. OR ¼ odds ratio; CI ¼ conﬁdence interval.
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E.D. Avgerinos et al. 357events. The fourth patient developed bilateral iliocaval and
femoropopliteal thrombosis 2 days after ﬁlter placement,
with right leg phlegmasia, as well as massive pulmonary
embolism and mesenteric ischemia. The patient died 2 days
later. In all four cases, it is unclear whether the ﬁlter initi-
ated the thrombotic process or whether iliofemoral DVTs
had propagated cephalad or embolized.
Despite the presence of an IVC ﬁlter, new PE was found in
eight (2%) patients on CT angiography following IVC ﬁlter
placement. Six of these patients had undergone CT angiog-
raphy 1e3 days prior to IVC ﬁlter placement that was nega-
tive for pulmonary embolus. One of these patients died.
One ﬁlter fracture was also recorded during a retrieval
attempt. The snare captured one of the ﬁlter struts and
could not be disengaged. Forceful traction led to strut
fracture. The fractured component was removed, but the
ﬁlter could not be retrieved, without any clinical
consequences.
Nineteen deaths (4.7%) occurred during the post-ﬁlter
placement hospital stay. Eleven were due to multiple
trauma complications, one of which included caval throm-
bosis and PE, as described above. The remaining eight were
postoperative deaths of complicated procedures (ﬁve cra-
nial surgeries, one pancreatic cancer surgery, one esopha-
geal cancer surgery, one cholecystectomy).DISCUSSION
Retrievable IVC ﬁlter placement has been on the rise over
the last few years, particularly within the indication ﬁeld of
prophylaxis.1,2 Our 6-year series reﬂects that trend, giving
additional insight into the retrieval challenge, associated
risk factors, and anticipated adverse events. This series
spans between 2004 and 2009, an era when the 2008 and
2012 ACCP guidelines were not widely adapted,3 as were
the EAST practice management guidelines,4 which encour-
aged a more liberal use of IVC ﬁlters.
Our overall retrieval rate was 59.1%, seemingly low, but
still higher than the reported literature range of 20e50%,6e
10 and a recent systematic review average of 34%.11 The
majority of ﬁlters that were not retrieved were primarily
owing to physician oversight and, secondarily, to patient
non-compliance. Recent reports demonstrating the value of
an aggressive follow-up protocol hold promise with respect
to increasing ﬁlter retrieval, and targeting to eliminate both
physician oversight and patient non-compliance.16e19 Since
2010 we have initiated an aggressive follow-up protocol
involving designated personnel maintaining a ﬁlter registry
with frequent assessment of ﬁlter retrieval eligibility. Tele-
phone interview and scheduling of ﬁlter retrieval occurs
when patients from the ﬁlter registry become eligible for
retrieval. If the patient is still not eligible for retrieval he/
she is referred back to the ﬁlter registry for a second tele-
phone interview and chart review after a waiting period has
elapsed, to schedule ﬁlter retrieval when, and if,
appropriate.
Thrombus within the IVC ﬁlter was not a signiﬁcant
reason for ﬁlter non-retrieval in this study and accountedfor an overall 6.7% of non-retrievals. At our institution, ﬁlter
thrombus is managed depending on the clot burden, typi-
cally proceeding with retrieval if the clot occupies less than
a third of ﬁlter volume. Larger clots are a reason to abort
retrieval to avoid embolization, and may involve an addi-
tional period of anticoagulation with a second attempt after
CT venogram or ultrasound conﬁrms clearance, or phar-
macomechanical thrombolysis is performed to clear the
clot. A similar approach has been reported in a review of
the Society of Interventional Radiology procedural
database.20
True technical failures were also a minor reason for ﬁlter
non-retrieval, accounting for an overall 6.7% of non-
retrievals and 4.2% of attempted retrievals. Filter posi-
tioning and anatomic characteristics that are commonly
cited,13 or at least perceived, as predictors of failure, such
as ﬁlter tilt, caval penetration, and caval angulation, were
not signiﬁcantly associated with retrieval failure in our
cohort. This comes with the understanding that the oper-
ator is experienced enough to use adjunctive technical
maneuvers, which is understated in the published literature.
We are in agreement with Durack et al.21 that ﬁlter strut
penetration of the IVC is the rule rather than the exception,
and this should not preclude retrieval. The most powerful
predictor of failure in our cohort, consistent with other
studies,13,14 was hook apposition to the caval wall, followed
by increased dwell time (96.9  111.9 days in failed vs.
29.5  25.1 days in successful retrievals) and therapeutic
indication for ﬁlter placement. While there is no apparent
explanation for the indication-related failures, a hook
apposed to the caval wall frequently makes snaring
impossible, unless adjunctive maneuvers are used to
disengage it from the caval wall and center it. The pro-
longed dwell time increases the likelihood of failure as the
ﬁlter struts are gradually incorporated into the caval wall. In
addition, older age (>50 years) was associated with
retrieval failure on univariate analysis, a signiﬁcance that
was lost in the multivariate model. This has been also
suggested by other studies, and it is therefore reasonable to
use this data when setting patient expectations.13
Our study also assessed factors that could be associated
with challenging retrievals, yieldingﬁlter hookwall apposition,
increased dwell time, and ﬁlter tilt as signiﬁcant predictors of
difﬁculty.The former two factors were previously described in
the failed retrieval analysis. However, ﬁlter tilt was not asso-
ciated with failure, renders retrieval difﬁcult, and often needs
to be corrected at the time of retrieval attempt.Tilt correction
at the time of ﬁlter placement can also be frequently achieved
with a standard Jwire or pigtail gentlypushingagainst theﬁlter
to straighten it. A strategy that may prevent ﬁlter tilt is to
deploy the ﬁlter in a straighter, less angulated segment of the
IVC, accepting a lower positioning of the ﬁlter relative to the
renal veins. Other strategies include placement of a stiff wire
alongside the ﬁlter, before fully deploying it,with the intention
of aligning it with the long caval axis.22,23 Where ﬁlter tilt is
unable to be completely corrected despite procedural ma-
nipulations, our institutional policy has been toorient theﬁlter
hook towards the center of the IVC, thus attempting to
358 European Journal of Vascular and Endovascular Surgery Volume 46 Issue 3 September/2013mitigate against hookembeddingwhen retrieval is attempted.
Although the newer generation of “modiﬁed” IVC ﬁlters has
increased self-righting ability, there is little derived clinical
beneﬁt, with similar retrieval rates seen between older and
newer “modiﬁed” ﬁlter generations.23
Several strategies and modiﬁed technical maneuvers have
been described to facilitate a challenging retrieval and reduce
retrieval failures. We used them in 34 out of 38 difﬁcult re-
trievals, and were successful in 27 cases. The simplest tech-
niques are to use a larger snare and/or obtain femoral access
and inﬂate a 10e14-mm angioplasty balloon between the
ﬁlter and the caval wall, or within the ﬁlter struts to re-orient
the ﬁlter for capture.24 Signiﬁcantly tilted ﬁlters resistant to
standard snare techniques may be straightened using a sec-
ond wire and snare from the right femoral vein to provide
traction on the ﬁlter to facilitate capture from the transjugular
snare.25 Dual access from both femoral and jugular veins al-
lows this wire to be snared to allow “ﬂossing” of the ﬁlter to
assist re-straightening.26 Amore advanced technique requires
the use of an 18-Fr long jugular sheath, looping of a stiff wire
around the neck of the ﬁlter, which is then snared, and, by
traction, the hook may be aligned and then retrieved into the
sheath.15 Finally, ﬁlter hook and tine embedding in the caval
wall can provide challenges to retrieval owing to tissue
ingrowth from repeated microtrauma to the caval endothe-
lium often requiring adjunctive maneuvers such as the use of
an endovascular laser sheath as a thermal dissection device
and rigid bronchoscopy forceps to blindly “dissect” the caval
wall free from the ﬁlter.25e28 In all these cases pre-procedural
CT venogram may facilitate decision making and procedural
planning.
The complication rate of retrievable IVC ﬁlters varies
signiﬁcantly in the current literature, mainly owing to the
varying inclusion of minor complications that may other-
wise be clinically insigniﬁcant (e.g. ﬁlter tilt, caval penetra-
tion) and the length of follow up. Regarding major
complications in our cohort, caval thrombosis was identiﬁed
in four patients (1%), one of which died owing to severe
comorbid conditions. New PE was found in eight patients
(2%), one of which died (same patient with caval throm-
bosis). The in-hospital mortality following IVC ﬁlter place-
ment was 4.7%, conﬁrming that this patient population is,
overall, a high-risk group of individuals owing to underlying
pre-existing conditions, mainly severe trauma.
Limitations to this study are those inherent to retro-
spective cohort investigation, in which reporting bias and
unknown confounding variables exist. The data set was
drawn from a single medical institution and this does limit
the ability of the data to be generalized. The electronic chart
did not allow detailed analysis of the decision-making pro-
cess regarding ﬁlter insertion and removal. Our patient
follow-up information was limited to in-hospital admission
up to the date of discharge following insertion or retrieval.
However, the breadth of ﬁlter indication, outcomes, and
ﬁlter-related complications are echoed in other previously
published reports. The primary objectives of our study-
dfactors associated with difﬁcult and failed ﬁlter retrie-
valsdare otherwise well supported.CONCLUSION
Retrieval rate of retrievable IVC ﬁlters is predominately
affected by physician oversight and patient non-compliance
with follow-up. Filter retrieval can be challenging or fail
when the dwell time is >50 days and >90 days, respec-
tively, and when the ﬁlter hook apposes the caval wall.
Filter strut penetration through the caval wall is common,
but does not result in adverse short-term clinical outcomes,
and should not dissuade from standard endovascular
retrieval. Filter tilt may contribute to challenging retrievals,
but this does not affect the ability to ultimately retrieve a
ﬁlter. Operators who are involved in placing IVC ﬁlters
should be familiar with technical maneuvers that facilitate
retrieval in difﬁcult, but commonly encountered, anatomic
situations, including ﬁlter tilt, tine penetration, and ﬁlter
hook apposition to the caval wall.
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